Amikacin and kanamycin are recommended for the treatment of Gram-negative and some Gram-positive microorganisms infections, especially in severe and bacteremic infections. However, an excessive dosage of the aminoglycosides may cause the side effects of ototoxicity and nephrotoxicity. In addition, a long-term usage of these antibiotics may result in high and persistent tissue residues due to their tissue affinity.\[[@ref1][@ref2]\]

Many drugs are extensively accumulated in melanin-containing tissues.\[[@ref3]\] Antibiotics, psychotropic, antirheumatic, anaesthetic and antitumour agents are reported to possess high affinity to melanin biopolymers.\[[@ref3]--[@ref9]\] However, a physiological function of this binding is not fully understood.

It has been earlier demonstrated that amikacin\[[@ref8]\] and kanamycin\[[@ref10]\] form stable complexes with model synthetic melanin *in vitro*. Drug-melanin interactions are still not fully characterised, partly because melanins are not well-defined chemical entities but rather mixtures of more or less similar polymers apparently made up of different structural units linked by nonhydrolysable bonds.

Melanin is synthesised in the melanosomes in melanocytes and produced by a process that involves the transformation of tyrosine into 3,4-dihydroxyphenylalanine (L-DOPA) by the enzyme tyrosinase and the subsequent transformation of L-DOPA into melanin.\[[@ref11]\] The quantity of melanin in various organs has been shown to vary with age, e.g., age-related reduction of melanin in the hair, epidermis, retinal pigment epithelial cells, and certain areas of the central nervous system.\[[@ref12]\] There are two basic types of melanins: Eumelanin and pheomelanin, in mammalian neural crest-derived melanocytes. Each of them has been suggested to possess different chemical and biological properties. In the ear eumelanin may principally scavenge toxic reactive oxygen species (ROS) and play an otoprotective role, whereas pheomelanin may produce toxic ROS and exert toxic effects on the cochlea.\[[@ref12][@ref13]\]

The aim of the presented work was to examine the impact of different concentrations of amikacin and kanamycin as well as of incubation time on the viability of normal human melanocytes.

Amikacin sulphate was obtained in the form of solution - Biodacyna (250 mg/2 ml) from Bioton, Poland. Kanamycin A (sulphate salt) was purchased from Sigma-Aldrich Inc., USA. Penicilin was obtained from Polfa Tarchomin, Poland. Growth medium M-254, gentamicin, amphotericin B and human melanocyte growth supplement-2 (HMGS-2) were obtained from Cascade Biologics, UK. Cell Proliferation Reagent WST-1 was purchased from Roche GmbH, Germany. The remaining chemicals were produced by POCH S.A., Poland.

The normal human epidermal melanocytes (HEMa-LP, Cascade Biologics, UK) were grown according to the manufacturer's instruction. The cells were cultured in M-254 medium supplemented with HMGS-2, penicillin (100 U/ml), gentamicin (10 μg/ml) and amphotericin B (0.25 μg/ml) at 37° in 5% CO~2~. All experiments were performed using cells in passages 5-7.

The viability of melanocytes was evaluated by WST-1 (4-\[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio\]-l, 3-benzene disulfonate) colorimetric assay. WST-1 is a water-soluble tetrazolium salt, the rate of WST-1 cleavage by mitochondrial dehydrogenases correlates with the number of viable cells. Briefly, 5×l0^3^ cells per well were placed in a 96-well microplate in a supplemented M-254 growth medium and incubated at 37° and 5% CO~2~ for 48 h. Then the medium was removed and cells were treated with aminoglycoside antibiotics solutions in the concentration range from 0.075 mmol/l to 7.5 mmol/l for amikacin and from 0.06 mmol/l to 6.0 mmol/l for kanamycin. The estimations were performed after 24, 48 and 72 h. Ten microliters of WST-1 were added to 100 μl of culture medium in each well 3 h before the end of incubation time. The absorbance of the samples was measured at 440 nm with a reference wavelength of 650 nm, against the controls (the same cells but not treated with a drug) using a microplate reader UVM 340 (Biogenet, Piaseczno, Poland). The controls were normalised to 100% for each assay and treatments were expressed as percentage of the controls.

In all experiments, mean values of at least three separate experiments performed in triplicate±standard deviations (SD) were calculated. The results were analysed statistically with the ANOVA test using GraphPad Prism 5.04 Software GraphPad Software Inc., La Jolla, USA. In all cases, the statistical significance was found at least at *P*\<0.05.

Aminoglycoside antibiotics still find frequent use in today's hospitalised patient population owing to their spectrum of activity and unique mode of bacterial killing. Although, highly effective, reservations concerning potential oto- and nephrotoxicity have often limited the use of these agents.\[[@ref1][@ref2]\]

Animal studies concerning ototoxicity have shown that the degree of cochlear damage is more related to the total daily dose of the aminoglycoside rather than to the frequency with which the drug is administered. Saturation of cochlear cells may play a role in determining ototoxicity.\[[@ref14]\]

Melanin has been described in the cochlear labyrinth and it has been suggested that its function is to protect the cochlea from various types of trauma, including the effects of ototoxic drugs, such as aminoglycoside antibiotics.\[[@ref3]\] The intermediate cells in the stria vascularis of the inner ear are melanocytes capable of synthesizing melanin and are important for the maintenance of endocochlear potential as well as for the normal function of marginal cells and the stria capillary system.\[[@ref12][@ref13]\]

In this study, human melanocytes were cultured for 24, 48 or 72 h in the presence of different amikacin or kanamycin concentrations. The rates of melanocytes viability after treatment with the tested antibiotics are presented in [fig. 1](#F1){ref-type="fig"}. A growth inhibition of melanocytes exposed to amikacin at concentrations of 0.75 mmol/l and 7.5 mmol/l was observed at each time interval. The strongest antiproliferating activity was observed for 7.5 mmol/l after 72 h where the viability of cells decreased to 1% as compared with the control. There was no growth inhibition at the amikacin concentration of 0.075 mmol/l after 24 h. Kanamycin in the concentrations of 0.6 mmol/l and 6.0 mmol/l decreased melanocytes viability after 24, 48 and 72 h. The greatest effect was observed at 6 mmol/l after 72 h, reaching an inhibition by about 97% with respect to the control. The growth of melanocytes was not reduced by kanamycin at the concentration of 0.06 mmol/l after 24 h.

![Viability of melanocytes cultured in the presence of amikacin and kanamycin\
Viability of melanocytes cultured in the presence of amikacin (0.075-7.5 mmol/l) and kanamycin (0.06-6.0 mmol/l) for 24-72 h. Each bar represents the mean±SD. \**P*\<0.05 compared with control.](IJPhS-75-102-g001){#F1}

Estimation of HEMa-LP cells by inverted microscopy following their incubation with amikacin ([fig. 2](#F2){ref-type="fig"}) or kanamycin ([fig. 3](#F3){ref-type="fig"}) has demonstrated the toxicity similar to the pattern of cell viability measured with the WST-1 assay. Figs. [2a](#F2){ref-type="fig"} and [3a](#F3){ref-type="fig"}, represent control cells with normal dendritic morphology. No changes were observed after 24 h exposure to the lowest amikacin (0.075 mmol/l) or kanamycin (0.06 mmol/l) concentrations (figs. [2b](#F2){ref-type="fig"} and [3b](#F3){ref-type="fig"}). However, the HEMa-LP melanocytes morphology was changed after exposure to increased antibiotics concentrations (fig. [2c](#F2){ref-type="fig"} and [d](#F2){ref-type="fig"} for amikacin; fig. [3c](#F3){ref-type="fig"} and [d](#F3){ref-type="fig"} for kanamycin). These changes were characterised by a decrease in number and length of dendrites.

![Morphological changes of normal human melanocytes HEMa- LP exposed to different amikacin concentrations for 24 h.\
Cell monolayer treated with the lowest concentration of amikacin (b - 0.075 mmol/l) is similar to the control culture (a - free of antibiotic). The higher concentrations of amikacin induced detectable changes in cell morphology (c - 0.75 mmol/l, d - 7.5 mmol/l). Cells were observed under an inverted microscope at ×200 magnification.](IJPhS-75-102-g002){#F2}

![Morphological changes of normal human melanocytes HEMa- LP exposed to different kanamycin concentrations for 24 h.\
Cell monolayer treated with the lowest concentration of kanamycin (b - 0.06 mmol/l) is similar to the control culture (a - free of antibiotic). The higher concentrations of kanamycin induced detectable changes in cell morphology (c - 0.6 mmol/l, d - 6.0 mmol/l). Cells were observed under an inverted microscope at ×200 magnification.](IJPhS-75-102-g003){#F3}

Damage of melanocytes in stria vascularis may lead to loss of these cells via trauma, infection, or perhaps noise. Ototoxic agents, such as aminoglycoside antibiotics, may damage intermediate cells, resulting in hearing loss.\[[@ref14]\]

It has been demonstrated that the aminoglycosides ototoxicity may be correlated to pigmentation. In an animal model, albino guinea pigs were found to be more susceptible to these antibiotics toxicity than the pigmented strain.\[[@ref15]\] The pathophysiological significance of this finding is unclear, but it may be suggested that melanin may protect the cochlea by accumulating or binding aminoglycosides. Loss of melanin and its relation to hearing loss have been sparsely investigated. It is known that aminoglycoside antibiotics have the capacity to form complexes with melanin\[[@ref8][@ref10][@ref16][@ref17]\] and subsequently may affect the activity of melanocytes.\[[@ref12]\] Melanin has a potent antioxidant capacity, and intermediate cells that lack this pigment have obviously less ability to reduce the generation of ROS. The regulation of these processes in human melanocytes is complex and there are indications that aminoglycosides may alter the melanin function in cells.\[[@ref18]--[@ref20]\]

In conclusion, the obtained results are consistent with the possibility that melanin may binds with aminoglycosides and decrease the severity of their ototoxicity in pigmented inner ear. The ability of melanin to bind low doses of amikacin or kanamycin may prevent cells against the antibiotic-induced toxic effects. However, amikacin and kanamycin in higher concentrations reduced the viability of normal human melanocytes, what may explain the aminoglycosides toxicity on pigmented tissues during high-dose and/or long-term therapy.
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